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The eybrid onion imust1:7 as it now stands is based upon a male 
sterile plant identifi«l as 13·5.3 discovered :in 1925 by H. A. Jones and 
A. E. Clarke 1n the variety Italian Red. Since that time much of the 
applied research has dealt with transferring the cytoplasmic character of 
this male .sterility to other varieties and to the subsequent development 
ot inbreds and their ocrnbination in desirable 1'V'brids. 
The year of 1953 marked a milestone in onion }\ybr:id research, for in 
that year the United States Department of Agriculture end the several 
cooperating experiment stations collaborated. in their first release of 
twelve newly named }\Vbrid oniona. However, it also initiated a new phase 
of onion breeding. The new l:\Ybrids are superior to open pollinated 
varieties now in common use by differences that are. easy to measure. Hov-
ever, with the new eybride a new standard is established am it is neces-
sary tba.t the breeder be able to distinguish finer differences . He Ill:lst 
use the most efficient field design and technique to ndn'm:ize his cost of 
land and labor., and the quantity of seed required. 
Up to now, the tYJ>es of field design and technique used have depended 
largely upon the breeder• s experience and his ability to adapt information 
gained from investigations of other crops. In 1949, a group of the United 
States Department ot Agriculture cooperators met 1n an attempt to arrive 
at some degree of uniformity in the hybrid onion testing program. Their 
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recolllnendations were generally accepted and have proven quite satie-
factor.r. However, up to now there has been no d :irect experimental evi-
dence which would critically evaluate the procedures in camnon use. 
'l'he primary consideration of this problem bas been to obtain inform-
ation whi.ch would be useful in designing onion yield trials and determin-
ing a satistactor,y tlethod of controlling stand differences, either 
culturally, statistically, or a combination ot both .. 
REVIEW OF LITERATURE 
Un:lf'ormity Trials 
Information on uniformity trials is both extensive and varied. 
Serious effort bas been ma.de to collect these several references 1n bibli-
ographies which would be conveniently available to other vorkere . For 
several years the American Society of Agronomy published bibliographies 
of the more important contributions cm the ethodology and interpreta-
tions of results ot field plot experiments (1) • Another thorough com.-
pllation was done in 1937 by W. G. Cochran (S), who catalogued references 
to uniformity trials or 222 crops. 
Uses of wiif2rmit1 trial dat§ 
Uniformity trial data probably have been used most often to gain 
:tnfo:rmation concerning plot size and shape. 'l'h1s will be outlined in 
greater detail later. 
With the advent of an increasing variety of experimental designs 
available to the experimenter,. uniformity trials have been utilized to 
measure the relative efficiencies ot these several plot designs , and in 
particular, to test the applicability or a given design to a certain crop. 
A critical re\'iew ot these papers i s beyond the scope ot this thesis. 
Uniformity trials may be used to determine whether differences in 
soil heterogeneity persist year after year and to cons id.er whether these 
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correlations mar be used to improve the accuracy of a field experiment~ 
According to Cochran (8), the yielde oft.be same plot in successive years, 
as a rule, are positively correlated., whether the same crop follows or a 
different one. However, the closeness of the correlation varies con-
s:kierably. Baker!! Al· (2) conducted a uniformity trial on unirrigatei 
barley over a period of ten years. They found that plots did not main-
tain the same rank throughout the experiment and that the con-elation 
coefficients of one year's yields with another's ranged from -.59 to +.67. 
The standard deviations varied greatly from year to year without a very 
definite connection with the annual mean yield. They wrote (2, p. 270h 
A piece of land with good soil apparently uniform enough 
to be used for agronomic experiments contains plots that are 
high yielding in one year and low yielding in another. Thus, 
a yield recoxu for one year or a few years is an inaccurate 
iniex of the relative crop producing power of parts of an 
apparently uniform ten acre plot of land. 
In this connection, it bas been general]¥ recognized by Fisher (15), 
Love {25), Cochran (8), and others that with amual agricultural crops, 
uniformity trials do not in general double the precision of subsequent 
field trials, although they entail about twice the labor of one \.litb no 
previous uniformity trial. In addition, a uniformity trial will cause a 
year's delay in securing the desirsl experimental results. Thus, it is 
generall;r more profitable to adequately replicate an experiment than it is 
to take the time and space to conduct a uniformity trial. There may be 
justification for using mifo:rm1ty trial data with rotation experiments or 
experiments with perennial. plants which are conducted <:Ner a period of 
years and often involve the same individuals. In such eases, often the 
preliminary data may be obtainei with little extrE!- labor or materials. 
Love (25) points out that uniformity trials can be extremely useful 
as an introduction to an unf'a:miliar plot of ground to be used for expel"-
imental purposes. It m:a:y suggest plot des.ign1 orientation, and possibly 
point out irregular portions of the field not applicable to critical 
experimental evaluations. 
Finally, Cochran (8) suggests that uniformity trials may be used to 
investigate such theoretical considerations as the applicability of the 
analysis of variance and its tests of significance to field experiments, 
or to examine how closely the distribution by randomization approximates 
the tarulated ! distribution. 
Information on size and $l!§pe of plot 
According to Weibe (.36), the total variation tends to increase as 
more land is added to the experimental area, provided the size and shape 
ot the ultimate unit remains the same. He also concurs with other workers 
1n stating that the more compact the shape of the replication, the lover 
is the experimental error, in line \tith the principle of max:bwm conti-
guity. 
Considerable information bas been i:nblished on the interrelationships 
ot size and shape of the ultimate plot, number of replications, and con• 
eiderations of cost and convenience. However, it is sanewbat difticult te 
segregate and e"iraluate this information in light of the conditions of a 
given experiment with a certain crop. In 1936, Loesell (24), ani Beattie 
and Bo&well (3) observEd that information obtained for one crop under 
certain conditions cannot be applied to another. Lana wrote {22}1 
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The heterogeneous nature of the various types of 
vegetable crops makes it virtually impossible to transfer 
results of plot studies from one crop to another. 
~hape and orieptatiop of plot 
An intensive stu.dy of the affect ot shape am orientation of plot on 
variability was made by Cbristidis (6,7). He stated that shape of plot 
involved three considerations t competiticn~ convenience, and factors 
affecting 7ield and soil fertili't7 in a definite direction. The existenee 
aw extent of competition will vary with the crop and cultural conditions 
involved. Its affect can be minimized to a certain extent by grouping 
together varieties similar in habit of grcwth and maturi ~. 
Ohristidis studied four blocks of 1024 units of cotton orientated at 
angles of o, 301 60, and 90 degrees . He foun:l that in all four orienta-
tions plot variability increased consistently as the ratio or vidth to 
length approached unity. Of' the shapes tested, square plots were the 
most variable. In 1939, he wrote (7, P• 330): 
The smaller the value w/1, the more uniform will be the 
plots of an experiment. However, care should be taken to avoid 
the af'fect of competition, great~ increased in. the case or 
long plots and variability due to causes other than soil hetero-
geneity (for example, inaccurate measurement of the width of 
plots, former paths, . drainage pipes 1 1Urrowa lett. after ploughing, 
irregular sowing of ind1v1dual rows). 
further, {7, P• .3.39}: 
The results obtained are definitely conclusive. Long rows 
may vary not only on account of soil heteroge.neity-, but also 
under the intluence of other factors (irregular planting or 
watering along the ro-ws, unequal distances between them, etc.), 
the effect of which is diminishEil by inereasing the number of 
roYS included in the same plot . Despite this fact it ves found 
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that, bl all orientations tested, plot variation depended 
closely on the shape of plot, \decreasing considerably by the 
use of plots n.e long and narrow as possible. 
One criticism of such a conclusion vhich might arise would be the 
results of such a test if' the soil bad had a long , regular f'ertility-
g:radient running ex:actly parallel to one of' his orientations, .instead of 
the more usual patchy t;ype of soil heterogeneity. 
~.fze of unit plot am number og replicatims 
With respect to size of unit plot aDi number of replications, sev-
eral investigators working with many different crops have shown that there 
is generally a gain of effieiency as the length of the plot increases 1 but 
that beyond. a given point the gain :ls not proportional to the additional 
area of land used . Several workers have shown that generally more repll ... 
cations of a given unit make more ef'ficient use of the same area. or land 
than fewer replications of larger units. Kalamke.r (19), Justesen (18),. 
and Livermore (2.3) working with potatOGSJ Siao (33) arti Reynolds ~ !!• 
(:U) with eottonJ !rimer am Raleigh (17) with $Ugar beets; Loesell (24) 
with pea beans; Currence (12) with tomatoes; J3eattie am Boswell (3) vith 
carrots and onions, all concurred with this generalization. 
In 1936, Currence and Krantz (13) stated that where lard is limit-
ing, but labor and well trained assistance 1s available; small plots with 
more r-eplications are advisable. Where land is available, but labor and 
supervision is limiting, larger plots with fewer replications are to be 
prE ferred. In 1947, Currence (12) added these ocmsiderationss complica-
tion of record taking end proceasing the data, and competition between 
plants on ·Small plots. 
s 
As a useful tool in evaluating these practical considerations, 
Smith (34) d.eveloped what he described as the empirical relation l:etween 
plot size and plot variance.. The usual procedure has been to plot size 
or plot and standard deviaUon directly giving the .famlliar exponential 
cnirve. However, Smith pointed out that interpretations as to optimum 
plot size based upon. such a curve are greatly modified by the selection 
of ordinate and abscissa scales . Us!ng data frr.m several crops, he was 
able to show that the regression of the logarithms or the variances for 
plots of different areas on the logarithms ef their areas is approxi-
mately linear. 
It is obvious that with this linear relationship it is impossible to 
obtain directly from it an estimate ot the optimum combination of plot 
size and number of replications . To this end, Smith dev loped a cost 
function. The intersection of these two curves serves as a guide in 
designing the experiment. This cost function. is further EtXplained by 
Robinson il !l· (32) and an example or its use was worked out for a 
peanut uniformity trial. 
Fert:ilit;y contour mams 
Fertility contour maps are often drawn accompanying analyses of 
uniformity t:rials . Smith (.34) pointed out that sueh maps based on long, 
narrow plots are misleading since they fail to provide su.fficiem points 
·showing where contours may be connected ac.ross the length of the plot. 
This leads to an appearance of greater variability &cross the plots than 
along them. 
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Varhltions in Stand 
One 0£ the major probl ems in eonduetir;g yield trials is that of con-
trolling stand, either culturally, statistically, or a canbination ot 
bath. 
Beattie aul Boswell (3) ln 1936 Jnvestigatei apparently uniform 
fields of carrots and onions to determine it they could eliminate the 
necessity of thinning by planting unifol.11lly and, using enough replications . 
They found a high positive correlation between stand and yield for both 
earrote aDd onions grown on tnUck soil. They :Indicated that stand varia-
tions are chiefly responsible for yield variations . The more signifi.cant 
differences in stand that aff ectoo yield occurred between rows and not 
between blocks . In SOI!le cases th:W variabil ity made it necessary for 
differences to be as great as 18 to 20 per cent before they could be eon• 
aidered significant. In conclusion they vrote (3 , p. 287) : 
It would require an unreas onable amount of replication of 
small plots to compensate for the lack of precaution to estab-
lish a fairly uniform stand. 
Cordner (11) founi a relatively low con-elation ( .... 280 :t . 006) be-
tween the mmber of missing hills am yield per plot cf asparagus . 
Despite his efforts to secure uniform stands ot cotton, Cbristidis 
(7) observed he had greater variability of stand bet ween :rows than between 
units of same area consisting of sections of several rows . In view of 
this, he carried out an analysis of covariance to determine .if val!"1-
abil1ty in yield would be altered when proper allowance was made £or stand 
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variability. lie observed that the covariance between yield and plant 
number was very erratic. 
COinin (9) statei that figures from fifteen plots of celery on muck 
soil over a period of eight years shoved that correcting yields of celery 
on fertilizer experimental plots by means of plotted regressions did not 
improve the accuracy of the expeJ:"iment. 
While some experimenters are of' the opinion that the analysis of 
oovarianoe does not fairly' adjust yields when the variability of stands 
is great, Mahoney and Baten (27) were of the opinion that if there were 
no appreciable differences in stand, usually nothing would be gained ey 
adjustment. These same workers (26), analyzing a 1931 cwn yield trial 
with highly significant F values tor unadjusted yield and stand , observed 
only a slight modification of results due to covariance analy is . In 
another trial 1n 1935 with non-significant F values, covariance gave no 
gain of information. However, in a tomato fertilizer trial, adjustment 
was efficient when the original a.na~sis showed. a non-significant F value 
.for treatment and correlation between stand and yield . 
Miles and Bryan (28) applied the analysis of covariance to a maize 
variety trial in which the seed or certain of the varieties had been 
damaged by vee'Vil. The results obtained vhen the varietal yields were 
adjusted for stand irregularities were in better agreement with previous 
experience of' the varieties than were results based on the unadjusted 
yields . Bryan (;) found that in corn yield trials, adjustment for per-. 
feet hill stands reduced the number of hill required for any degree of 
precision by 18.9 per cent. 
ll 
Conners (10) working with sweet potatoes and Garner~ .fl. (16) with 
beans felt that covariance was useful in aceounting for stand differences. 
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MATERIALS AND METHODS 
Methods Trial 
This experiment was designed to test three methods of securing uni-
form stands ot plants in onion yield trials . Ten lots of seed were 
packeted for sowing according to three treatments designated as A, B, 
and C. Treatment A consisted of oOWJ.tjng exactly 150 seeds of each of 
the ten varieties for each or the ten l'ieplioations . These 150 seeds 
were planted in fifteen foot plots without any subsequent thinning to 
establish uniform stams 11 Treatment B consisted of planting approxi-
mately' 225 seeds estimatoo by volume of each 0£ the varieties tor each 
of the replications and later thinning to 90 plants . For treatment C, 
seed was measured as for treatment B, but subsequently thinned to a 
three-inch spacing. For estimating the volume of 225 seeds , a few sam-
ples of that number were· measured in a glass vial which was marked to 
show the average volume. The actual number of seeds measured by this 
volume would vary some according to the eize of the seeis. 
One variety and nine eybrids were planted according to these 
methods in ten replications . The ten "Varieties were randomized within 
each replication, am with.in this ran:lomiPation each of the three treat-
ments were randomized. The rows were fifteen feet long with sixteen 
inches between rows and alleys four feet wide between tiers . Each 
replication was fifteen rows wide and t'WO tiers deep making the repli-
cations measure 37 feet along the rows and 20 feet across them. The 
entire experiment was two replications wide and five replications long . 
Seed of nine experimental ~brids was obtained from Dr. H. A. Jones 
at Beltsville, Maryland. The remaining entry was the open pollinated 
variety Brigham Yellow Globe. These are listed with their pedigrees and 
sources in Table 1. 
On Mq 5, 1953, this seed was planted in peat soil at Clear Lake , 
Iowa, according to the field design already described . Planting was done 
with a V-belt planter with precautions taken to get as even a distribution 
of seed as possible within the fifteen-foot rov. 
These plots were hand weeded throughcut the summer. On June 24, about 
the time the plants had reached a diameter of about eight millimeters, all 
rows designated as treatment B were thinned to 90 plants with an effort 
made toward leaving the remaining plants distributed thrcughout the length 
of the row. On the aame date, rovs designated ae treatment C were thinned 
to a three inch spacing. This was aceanplished by laying beside the row 
a board marked every three inches and t hinning the plants to leave one at 
each mark . 
On August 281 these plots were harvested . The dead tops were cut 
off with sheep shears and each row marked in three five-foot divisions . 
Each row segment was pieked up, the nwnber of sound bulbs counted , and 
bagged separately in ten pound mesh onion bags . Each of these bags vas 
secured with a tag which designated that particular segment acc.ording to 
tier, row, replication, variety, treatment, and segment. At the time of 
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Table 1 
Varieties, Pedigrees , and Sources of Seed 
Variety munber Pedigree Source or seed 
1 Brigham Yellow Globe Northrup, King and Co. 
2 2190 :x 2108 CB 15 Ames, 1952 
3 2267 x 2108 CB 28 Ames, 1952 
4 2264 x Ial63 CB 31 Ames, 1950 
5 ( 6106 x 2267) 2215 I'S Parma, Ida., 1952 
6 (2264 x 2267) 221S IB Parma, Ida., 1952 
7 2271 :x 2215 IB Parma, Ida., 1952 
8 2108 x 2264 IB Crookham Seed Co. 
9 2147 x 2264 IB Crookham Seed Co. 
10 2207 x 2264 IB Crookham Seed Co. 
15 
harvest, the number of bulbs in each of the five--toot segments was writ-
ten on the back or this tag. On September 41 the samples -were weighed 
am the weight and m.unber of bulbs were recm-ded. 
Uniformity Trial 
Data tor the uniformity trial came trom a plot of about one-tenth of 
an acre, which vas a part of a large conanereial planting of Melzer Yellow 
Globe on the f'arm of Sam Kennedy and Sons at Clear Lake, Iowa. This 
particular portion. of the field was chosen as being representative of the 
commercial field . The field had been managed according to standard large 
seale canmercial operations. Weeding was done ·bt a modified tractor 
mounted rotar.y cultivator and supplemental hand labor. 
Records were taken on August 27 after a part of tbe field had been 
harvested. The area selected was 24 rOW"S wide by 120 feet long. The 
rows were 16 inches apart. The plants were topped by hand with sheep 
shears and 24 five-:foot segments wel'e marked by a rope stretched across 
the rows!lt The bulbs from each segment were harvested, crunted, and the 
weights taken in the field. 
Statistical Methods 
The statistical methods employed !ll'e modeled generally after those 
of Snedecor (35). 
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For comparing variety mean yields, three tests of significance are 
employ . • . The LSD' s for yields adjusted by covariance were calculated 
according to procedure outlined by Kempthome (20). The ISD •s are used 
only in comparing the }\ybrids with the check variety. Even so there is 
a certain bias involved since the LSD is beet adapted to eanparisons of 
only two treatments, or a comparison of two randomly selected treatments. 
These considerations are not ~enerally satisfied, hence en unknown bias 
is encountered and probably too many differences are 1ndieatEd to be 
eign.ificantly different at the given level of probability. A value 1s 
calculated according to Tukey•s methcd ot allowances. This value my be 
used in making comparisons 0£ any two varieties. It is of particular use 
when it is desired to compare varieties whose difference approaches the 
range ot the experiment. For comparison of varieties with small differ-
ences, this method te?Jls to be over critical. 'l'he third method used is 
the sequential range test based on procedure used by ttStudent" and 
developed by Newman (30) and Keuls (21). These values for testing the 
significance of differences takes inte accGUnt the magnitude of the 
difference and consequently is somewhat ore desirabl e, particularly 
where the difference between the two varieties is less than the range of 
yield. 
The uniformity trial was analyzed on IItI machines in the Statistical 
Laboratory at Iowa State College. The data were coded and the cards 
punched to obtain the necessaey information on the designated eombina-
tions of segments, rows, and replioatims for the assumed number of 
varieties or treatments. 
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Methods Trie.l 
Se12arate analyses of variance of stand am ?ield for each treatmen'j; 
An enal1sis of variance of stand am yield was computed for each ot 
the three treatments separately. For convenience, these treatmenttt will 
be referred to as A, B1 and c. As noted before, treatment A consisted 
of counting 150 seeds and sowing t hem in the :t'if'teen-foot row with no 
subsequent thinning. Treatment B was a measured sample of apprax:imately 
225 seeds, sow in a fifteen-root row and later thinned to 90 plants. 
Treatment C was a asurt:d sample of e.pprox:iraately 225 seeds sown in a 
fitteen•foot row and later thinned to a. three-inch spacing. Summaries 
of these :individual analyses are given in Tables 2 and 3.. Although not 
strictly accurate• all entries will be eonveniently referred to as 
varieties. OrJ.y entry one ie actually a variety 1 the othe?- nine are 
experimental hybrids. 
In the analyses of stam, only treatment A shov1ed significant dif .... 
ferences ot stand among varieties (Table 2), indicating that a t.h:tnning 
or spacing technique produced more even stands than planting an exact 
number of seeds with no subsequent treatment. All three treatments bad 
differences tor yields of varieties (Table .3) which were significant 
at the l per cent level of probability. 
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Table 2 
Analysis of Variance of Stand 
Source Sum or squares di' Mean square F 
Treatment A . 
Total 31006.12 299 
Replications 2505. 92 9 278.M. 6.42** 
Varieties 1735.85 9 192.'t!T 4. 45** 
Replication x variety 3512 .35 Sl 1,J.36 
Segments 23252 . 00 200 116.26 
Treatment B 
Tat al 17602.59 299 
Replications 482. 59 9 53. 62 5. 65** 
Varieties 56. 05 9 6.23 o.66 
Replication x vnriety 768.61 81 9.49 
Segments 16295.33 200 81.48 
Treatment C 
Total 5912 .84 299 
Repllcatione lll0. 40 9 123.38 7.76~* 
Varieties 196.67 9 21.85 1.37 
Replication x variety 1287.76 81 15.90 
Segments 331s .. oo 200 16.59 
** . . Significant at 1% level. 
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Table 3 
Analysis of Vari ance of Yield 
Source Sum of equares df Mean square F 
Treatment A 
Total 879. 67 299 
Replications 110.26 9 12.25 6.94** 
Varieties 146.96 9 16.:33 9.25** 
Replication x variety 142. 92 81 1 .76 
Segments 479. 53 200 2.40 
Treatment B 
Total 734.99 299 
Replications 33.09 9 3.6S 2.50* 
Varieties 159. 68 9 17.74 12 . 09** 
Replication x variety llS.98 Bl 1.47 
Segments 1¢.3 . 24 200 2.12 
Treatment C 
Total 497. 48 299 
Replications 57. 56 9 6.40 4.51** 
Varieties 137.64 9 15.29 10.78** 
Replication x variety 114.88 81 l .42 
Segments la?. /JJ 200 0.94 
*Significant at 5% level. 
n~Signif:tcant at 1% level. 
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Table 4 shmm the coefficients of variability of stand and yield 
for each of the three treatments . 
Table 4 
Coefficients of Variebillty of Stand and Yield 




Stand 12.2 6.1 
Yield 10.2 9.4 





A combined analysis of variance of yield was computed f .or the entire 
experiment. This analysis (Table 5} had F values significant at the 1 
per cent level for differences among varieties and among treatments . 
\lbile A and B had essentially the same yield, the three inch spacing of' C 
considerably reduced the yield eompared with treatments A am B. The 
interaction between treatment and variety waa non-significant at the 5 
per cent level of probability. 
Separate analyses of covariance were applied to eaeh of the treat-
ments . In all three treatments (Table 6), the F value based on the 
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Table ; 
Canbined Analysis of Varie.nce of Yield of Entire Experiment 
Source Sum of squares df Mean square F 
Total 2623 .006 899 
Replications 156 • .360 9 17 • .373 10. 63** 
Varieties i;;.2 .073 9 46. 897 28.68** 
Error a 132 . 1().9 81 1. 635 
Treatments 510.871. 2 255.436 159.15** 
Treatment x variety 22. 203 18 1 . 2:34 o.77 
Error b 288.90.3 lSO l .605 
Segments 1090.167 600 1.817 
** Significant at the 1% level. 
Table 6 
.Analysis of Covariance of Stand and Yield 
Source df sx2 Sxy- si- 2 dt Mean square F Sd Y•X 
--~ ~--·~--~-·-- ----------·- -·- --· - -- - -- -·~- ------
Treatment A 
Total 299 .31006.12 3715.80 8'19. 67 
Replications 9 2505.92 503.86 110.26 
Varieties 9 1735.85 95.16 146.96 
Error Sl 3512 • .35 492 .00 1.42 . 92 74.00 80 o.925 
Segments 200 2325.2 .00 2624. 71 479. 53 
Var. + Rep. x Var. 90 5248.20 587.17 269.88 224.19 89 
Difference for teating adjusted variety means 150.lSJO 9 16.687 lS~04** 
Treatment B 
Total 299 17602. 59 2428.76 734.99 l\) 
Replications 9 482.59 320.30 33.09 l\) 
Varieties 9 56.05 -10 • .31 159.68 
Error 81 768.61 1€6.41 ll8.9S 82.95 so l . 0.37 
Segments 200 16295 • .33 2152.37 423 .24 
Var. + Rep. x Var. 90 824. 67 156.10 278.66 249.ll 89 
Difference for testing adjusted variety means 166.16 9 1S .• 4o;. 17 .• 80** 
Treatment C 
Total 299 5912. 84 1146.02 497.48 
Replications 9 lll0.40 21(2. .93 57. 56 
Varieties 9 196. 67 40.ss 137.64 
Error S1 1287.76 .306.41 lU,. klS l.;J.. 9'1 so 0. 525 
Segments 200 :3318. 00 555.SO lS?.40 
Var. + Rep •. x Var. 90 14.84.43 347.29 252 . 52 171.27 89 
Difference for testing adjusted variety means 129.2975 9 J.4 • .366 27 .• :JSH 
** ]$ Significant at the .. level. 
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adjusted variety and error mean square was signif'ieant at the l per cent 
level of probability. 
Correlation betiween yield and stand 
From the analyses of covariance statistics, correlation coefficients 
of stand and yield were computed for each of the three treatments. These 
correlation coefficients are given in Table 7. 
Table 7 









All correlation coe.f:f:i.ciente are significant under the l\Ypothes is Ji!Q 
is o. Folloving an example of Snfdecor• s (35, p. 154), the lzy'pothesis 
that eaeh of the coefficients is an estimater of a eommoa rho was tested. 
The :resulting Chi Square of S.548 with two degrees of freedom has the prob-
ability of about 0.02 that such a value could arise by chance sampling. 
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VN"iability of segments within treatments 
Yields of the segments of each treatment were analyzed separately by 
analyses ot variance. The purpose was to d :1.scover if' the yield of the 
middle segment were appreciably less variable than that of' the end seg-
ments. 
Summaries ot these analyses are given in Tables 8, 9, and 10. Table 
11 gives the eoef'fieients of variability of these nine segments along with 
the probability of a homogeneous varie.nee of the three segments within 
each treatment. This was calculated according to Bartlett• s test for 
homogeneity of' variances. 
Differences among varletiee were significant at the 1 per cent level 
of' probability vithm all segments except segment 3 of treatment B (Table 
9). Likewise, Bartlett's test demonstrated that only treatment B (Tabl e 
11) had a Chi Square large enough to be expected to occur less than l per 
cent of the time due to chance alone. However, treatments A and C tended 
to approach a 5 per cent level of probability. 
Since this one segment behaved somewhat differently, an analysis of 
variance of stand and a covariance analysis of yield and stand were can-
puted. These are represented in Table 12. Even though the F valuea for 
stand and yield differeBces among varieties were non-significant, the F 
value tor yield was signifioant at the 1 per cent level or probability 
when corrected for stand ditf'eren.ees by covariance. 
Table 8 
Analysis or Variance of Yield of Segments of Treatment A 
s.ouree Sum of squares df Mean square F 
s.egment 1 
Total 368. 35 99 
Varieties 188.47 9 20.94 1.4.18** 
Replications 60.25 9 6.69 4. 53** 
Error ll9.63 Sl 1 • .48 
Segment 2 
Total 233.23 99 
Varieties 61.47 9 6.8' 4. 87** 
Replications 58.19 9 6.47 4. 61** 
Error 113 . 57 S1 1.40 
Segment 3 
Total 243.91 99 
Varieties 53. 57 9 5.95 2.91** 
Replications 24.71 9 2.75 1.34 
Error 165.64 81 2.04 
** . Significant at 1% level. 
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'!'able 9 
Analysis ot Variance of Yield of Segments of Treatment B 
Source Sum of squares d£ Mean square F 
Segment 1 
Total 283 .09 99 
Varieties 95.57 9 10.62 8.69** 
Replieatione 88. 55 9 9.s4 S.05** 
Error 98.97 81 1.22 
Segment 2 
Total 156 • .31 99 
Varieties 70.45 9 7.83 8.70** 
Replications 12.94 9 1 • .44 1.60 
Error 72.91 81 0.90 
Segment 3 
Total 277.05 99 
Varieties .35.90 9 .3.99 l.55 
Replications .32.14 9 3.57 1.38 
Error 209.0l 81 2.58 
** . d Significant at lp level. 
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Table 10 
.Analysis of Variance ot Yield of Segments of Treatment C 
Source Sum of squares 
Segment l 
Total 155 .37 












Error 113 .39 
*significant at 'JI; level. 
**Significant at 1% level. 






















Coef'fieieats of Var1abili~ of Yield of Each Segment 
Based on Ten Varieties in Ten Replications 













16.l 20. 0 
.18 
.14 
ap is the probability that such a large 42 could have oceur.red ey 
chance alone in three such samples selected from a homogeneou.s popula-
tion. Bartlett' s test. 
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Table 12 
Analysis of Variance of Stam of Segm$nt 3 ot Treatment B 
Srurce Sum of qllares df Mean square F 
Total 5254. 00 99 
Varieties 606. 40 9 67.3S 1.38 
Replications 680. 40 9 75. 6o 1. 54 
Errer 3967.20 81 48.98 
Tab F.os = 1.99 
~sis of Covariance of Stand and Yield of Segment 3 of Treat ment B 
~ sl Sd2y •x 
Mean 
Source df Sxy df' square F 
Total 99 5254.0 941.64 271.05 
Varieties 9 606.4 29. 58 35.90 
Replications 9 600.4 139.32 :32 .14 
Error 81 3967.2 772.74 209. 01 ss.49 80 .73 
Var. + Error 90 4573. 6 802 . 32 244.91 104.16 89 
Differen.ee for testing adjusted variety 
means 45 .. 67 9 5.07 6.94** 
** Significant at 1% level. 
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Yields adjusted to uniform stands 
The values of the regression coefficients for treatments A, B, ani 
C we:re 0.1401 ! .0623, o.2165 ! .03671 and o.2379 ! .0202, respectively. 
Table l3 shows the rank and adjusted and unadjusted mean yields of the 
ten varieties based on the entire row, along with LSD values required for 
two levels of significance. These LSD• e are used only in comparing the 
nine hybrid.a with the open pollinated check variety. Only treat ent A 
(Table 2) had significant differences of stand among varieties so only its 
stand is included in Table 1:3. A value for Tukey' a test (4) is included 
for comparing aJ13' two varieties. In publishing results of onion yield 
trials, generally the yields and their LSD' s are transforme.i to a bushel 
per acre basis . These values are included for comparative purposes . 
Since segment 3 of treatment B was somewhat aben-ant, aro since in 
all cases the middle segment was less variable than either ot the end 
segments (Table 11), analyses or variance of stand (Table 14) and covar-
iance (Table 15) vere applied to these segments . The rank and yields of 
all varieties based on the middle five-foot segment are SUII1Darized in 
Table 16. This was done to show the same relationships as are included 
in Table 13 based on the fifteen-foot row. These analyses also give a 
certain measure of the value of guard segments for ea eh row. None ot the 
anal.¥see based on the middle five-toot segment showed significant ditfel."-
enees for stand among varieties. All three treatments had highly signifi-
cant F values for yield differences a111:ong varieties within treatments when 
yields were adjusted to a common stand by covariance. 
Table 13 
Rank of Unadjusted and Adjusted Mean Yields of Ten Onion Varieties (Fifteen-foot Rows) 
Treatment A ~atment B Treatment C 
Unadj11sted Adjusted Unadjusted Adjusted Unadjusted Adjusted 
Stand YieJ,d Yield Yield Yield Yield Yield 
Rank Var. Bo. Var. Lbs . Var. Lbs . Var. Lbs . Var. Lbs . Var. Lbs . Var. Lbs . 
1 8 106.8* 8 25.03** 5 25 .07** 3 24. 86** 2 24.s;tt• 2 20.43** 3 20.43** 
2 4 105. 9'4' 2 24.55** 2 24. 79** 2 24.85** 3 24.S4** 3 20.16** 2 20.08** 
3 9 95.9 5 24.31** 3 24.35** 5 24.56** 5 24.J3H s 19.91** 6 18.~* 
4 1 94.4 3 23.73** 6 24,.08** 6 23 .60** 6 23 . 54** 6 18.39** 5 18.73** 
5 2 91 .7 6 23. 66** 8 23 .16** 8 2) .18** 9 2.3.30** g 18.08** 9 17. 80.ut 
6 6 90.4 9 23 .2$** 9 23. 04** 9 22 .SO** s 23 .10** 9 1"1.15 8 17. 6&t* 
7 3 89.0 4 20.as 7 22.10* 7 21.01 7 21. 56** 7 16.70 7 17. 61** \lo) 
8 10 88.2 7 20.77 l 20.14 4 19.68 4 19.JS 1 15 .5.3 l 15.49 ..... 
9 5 ss.o 1 20.2a 10 19.20 l 19.46 l 19.18 4 15.24 4 15.08 
10 7 83.9 10 ia.47 4 19.l.3 10 19.07 10 lS.99 10 14. 49 10 14.31* 
Treatment means, 22.49 22.31 17.61 
Signifi cance of }\ybrids is bas~ m the differences from the open pollinated variety No. l . 
ISD . 05* 10.2 2 .05 1.85 l .S? 1. 58 l .84 l.13 
ISD . 01** 13.5 2 .71 2.4s 2.48 2.09 2.43 1.49 
TukeJT.os 16.7 :3 .36 3 .0; 3.<J7 2.60 3.0l. 1.86 
LSD 1n 50# sacks per acre 
Lm> .05 89 81 Sl 69 so 49 
LSD .ol 118 10'7 108 <91 106 65 
TukeJT.o; 146 133 134 ID 131 81 
LSD . 05 as i ot check 10.1 9.2 9. 6 s.2 11.s 7.3 
as% of mean 9.1 8.2 s.4 7.1 10.4 6.4 
Efficiency of covariance relative to 
analysis of varianc• 1 .23 1.41 2.66 
Table 14 
Analysis et Variance of Stand of the Middle S.egmenta 
Source Sum of squares df Mean square F 
Treatment A 
Total 9017.39 99 
Varieties 627.29 9 69.70 1.01 
Replications 2801. 49 9 311.28 4. 51** 
Error 5588. 61 Sl 68.99 
CV= 23.2% 
Treatment B 
Total 3644.19 99 
Varieties 268.89 <J 29.SS o.s; 
Replications ;1~.49 9 57.05 l . 61 
Error 2861. 81 81 .35 • .3) 
CV= 1s.2i 
Treat.ment C 
Total 1844.99 99 
Varieties 176.09 9 19. 57 1.25 
· Replicatiou 404.89 9 44.99 2.88** 
Error 1264.0l 8l 15.61 
CV = 18.$ 
**s ignificant at l~ level. 
Table lS 
Analysis of Covariance of Stand and Yield ot the Middle Segments 
Source . df $;?- Sxy s? Sd2y•x df Mean square F 
Treatment A 
Total 99 9017 • .39 1046.73 233 .23 
Varieties 9 627.29 '75 .87 61.47 
ltepllcati.ons 9 2001. 49 362.29 58.19· 
En or 81 558$.61 608. 57 113. 57 47.30 so 0 . 59 
Var. + Error 90 621;.90 684.44 175.04 99.67 89 
Difference for testing adjusted variety means 52 .378 9 5.82 ·9.84** 
Treatment B 
Total 99 3644.19 396.91 156 • .31 ~ 
Varieties 9 268.89 41. . 56 70.45 
\.>) 
Replications 9 513 .llJ 65. t.2 12 .94 
Error 81 2861.Sl 289.9.3 72. 91 43 .54 so 0 . 54 
Var. + Error 90 'J]J0. 70 331.49 143.36 108.26 89 
Diff erenee tor testing adjusted variety means 64. 7261 9 7.19 13.21** 
treatment C 
Total 99 1844.99 353.79 147 .. <R 
Varieties 9 176.09 41.79 51.61 
Replicat ions 9 404. S<) 73 .38 16.69 
Error 81 1264.0l 23S.62 72 .71 27.67 so 0.35 
Var·. + Error 90 J.440.10 2so.41 130. 3) 75 .73 89 
Difference for testing ad.justed variety means 48. 0604 9 5.34 15 .44** 
,. .. 
Signifieant at 1% level. 
Table 16 
Rank of Unadjusted and Adjusted Mean Yi elds of Ten Onion Varieties (Middle Five-Foot Segment.) 
treatment A freatmeat B Treatment C 
Unadjusted Adjusted Unadjusted Adjusted UnadjustEd AdJusted 
Yield Yield Yield JJelg Yield Yiel.d 
Rank Var. Lbs . Var. Lbs . Var. Lbs . Var. Lbs . Var. Lbs . Var. Lbs. 
1 a s. 75** 5 s .60** 2 s . 69** 2 s . 63** 2 7 .r:niH• 3 6.86** 
2 2 S. 54** 2 S. 53** 3 8.38** 3 8.43** 5 6.8.4** 2 6.73** 
3 6 S.3~ 8 S.33** 9 8.30"'* 5 8.03** 3 6.65** 5 6. 44** 
4 3 S.37* 3 8.32** S 8.lOJt* S 8.03** S 6.04* 6 6.20" 
s 9 s .04 6 s.29** 6 7.~· 9 7.98** 9 5.99* 9 6.20-• 
6 5 s.o.3 9 7.80* 5 7.79** 6 7 .91** 6 5.94* 8 ; .89** 
7 7 7.24 7 7.44 7 7 ·"* ,,, 7 ;J?** 7 s .44 7 5. 87* 
8 l 7.0S l 7.06 10 6.64 4 6. 59 4 5.09 l 5.19 
9 4 7.05 4 6.8.3 4 6.48 10 6.48 l 5.06 4 5.07 
10 10 6.21 10 6. 51 1 6.21 l 6.26 10 4. '14 10 4.62 
fr.eatment means 7.77 7. 57 5.89 
Significance of hybrids is based on the differences from the open pollinated variety No. l . 
tsD .o;* 1.05 o.69 o.s4 o.66 o.s4 
LSD .01** 1.40 0.91 1.12 0.87 l . l2 
Tukey.05 1.73 1.14 l .39 l .09 1.38 
L.SD in 50/I sacks per acre 
LSD .05 1.37 
tsn .01 183 
Mey •. o; 226 
.LSD .05 
as % of' check J.4.S 





Efficiency of covariance relative 


























Tables 17 and 18 give the reeults of testing the differences among 
the varieties aecording to the sequential range test. By means or thu 
test, it is possible to evaluate the significance o.f eaeh difference in 
all 45 possible comparisons. 
Suryeys 
As a. basis of comparison and an insight to the variabllit7 enecuntered 
in different years, locations, treatments and analyses, Table 19 shows 
the results of several onion yield trials in low and Nev York (.29). All 
trials were on muck or peat soil. 
Table 20 .summarizes information of E:Ctperimental technique obtained 
by' a survey of ten research workers. This presents a broad background of 
experience for use in interpreting the data of this thesis. 
Uniformity Trial 
Before attempting to analyze the data or the uniformity trial, it 
was necea sary to assume an experimental design and. a certain number of 
l\Ypothetical treatments. It has been observed that the number of treat-
ments chosen will only slightly modify the results of the anal.$'see. The 
data of this uniformity trial were analyzed as a randomized block design 
with six treatments. 
Thirteen sizes of plots , four with tvo shapes of blocks and the 
remaining nine with tour shapes were studied . This made a total of 44 
Table 17 
Sequential Range Test of Significant. Differences (P = .05} 
among Varieties in Fifteen-Foot Rows 
Y;t;elds of treatment A adjusted l!,l eovari!!!ce variet;f. 
Variety 5 2 3 6 g 9 7 1 
4 5.94~ 5.66* 5.22* 4.95* 4.03* .3.91* 2.o/7* 1.01 
3.05 2.98 2.91 2.83 2.73 1.95 1.80 1.57 
10 5.8'7* 5.59* 5.15* 4.ss- 3.96* 3.84* 2.90* .94 
2.98 2.91 2.83 2.73 l.95 1.80 1.57 1.20 
l 4.93* 4.6S* 4.21* 3.94* 3.02* 2.90* 1.96* 
2.91 2.83 2.7.3 1.95 i.so 1.57 l.20 
7 2.97* 2.69 2.25 1.98 1.06 .94 
2.83 2.73 
9 2.03 1.75 1.31 1.04 .12 
2.73 
s l.91 1.63 1.19 .92 
6 .99 .71 .2'7 
3 .72 .44 
2 .28 
Yields gf t1:eatment B !!Uus~!S1 :QI covariance Vf!r11tz 
Variety 2 3 5 6 9 s 7 4 
10 5.86* 5.85* 5 • .34* 4.55• 4.3.1• 4.ll* 2.57* .39 
2.60 2.55 2.49 2.41 2 • .33 2.23 2.09 1.90 
l 5.67* 5.66* 5.15* 4.36* 4.12* 3.92* 2.38* .20 
2.55 2.49 2.41 2.'.33 2.23 2.09 1.90 i.ss 
4 ;.4?* 5.46* 4.95* 4.16* .3.92* J.72* 2.18* 
2.49 2.41 2.3.3 2.23 2.09 1.90 l.58 
7 :;.29* .3.28* 2.77* 1.98 1.74 l.54 
2.41 2.33 2.23 2.09 






Table 17 Continued: 
Variety 2 3 5 6 9 8 7 4 l 
s 1.75 1.74 1.2.3 .44 .20 
2.33 
9 l.55 1.54 l.03 .24 
6 1.31 1.30 .79 
; .52 .51 
3 .01 r. . ; 
Yields . or_ t1:!}atment C Adjusted bY covariance variet:t 
Variety 3 2 6 5 9 8 7 l 4 
10 6.12* 5.77* 4.59* 4.t;;.* .3.491' .3 .,35* 3.3~ 1.18 0.'77 
l.S6 1.82 1.78 1.72 1.66 1.59 1.50 1 • .36 
4 5.35* 5.00* 3.82* 3.65* 2.72* 2.58* 2.5'* .4]. 
1.82 1.78 1.72 1.66 1.59 1.50 1.36 1.13 
1 4.94* 4.591 3.U* 3.24* 2.31* 2.17* 2.12* 
1.78 1.72 l.66 l.59 l.50 1.36 1.13 
7 2.82* 2.47* 1.29 1.12 .19 .05 
1.72 1.66 1.59 
8 2.77* 2.42* 1.24 l.07 .14 
1.66 1.59 l.50 
9 2.63* 2.28* 1.10 .93 
1.59 1.50 1.36 
5 1.70* 1.35 .17 
l.50 1.36 






Sequential Range Test of Significant Differences (P = .05) 
among Varieties in the Middle Five.-Foot Segment 
Yields of treatment A ad,1usted !>.z covar~e varietl 
Variety 5 2 s 3 6 9 7 1 
10 2.09* 2.02* 1.82* 1. 81* 1.78* l.29* .93* .55 
1.14 l.ll 1.09 1 .06 1.02 0.98 0.92 o.83 
4 1/17* 1.70* 1. 50* 1.49* 1 .• 46* .97* .61 .2.3 
1.11 l .09 l.06 1.02 .98 0 .92 0.83 
1 1.54* 1 .47* 1.27* 1.26* 1.23* .74 .3S 
l.09 1.06 1.02 .98 .92 .83 
7 1.16* 1.0~ .e<J .SS .85 .36 
l,06 1.02 .98 
9 .so .13 .53 .52 .49 
1.02 
6 .31 .24 .04 .03 
3 . 28 .21 .Ol 




Yields of treatment B adjusted m: covariance variet;,y: 
Variety 2 3 5 8 9 6 7 4 10 
l 2.37* 2 .17* 1.77* 1.77* 1.72* 1.65* l .ll* .33 .22 
1.09 1.06 1.04 1.01 .97 .93 .88 .so 
10 2.15* 1.95* 1.55* 1.55* 1.50* 1.43* -~ .11 
1.06 1.04 l.Ol .97 .93 .88 .80 .66 
4 2.04* 1.84* l.'4Jt,* 1.w 1.39* 1 .32* .78* 
1.04 l .Ol .97 .93 .as .so .66 
7 1.26* 1.06* .66 .66 .61 .54 
1.01 .97 .93 
*Significant difference at P = .05 
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Table 18 Continued: 
Variety 2 3 5 s 9 6 7 4 10 
6 .72 .52 .12 .12 .(fl 
.97 
9 .65 .45 .05 .os 
s .60 .4f) 0 
5 .60 .40 
3 .20 
Yi!lds. of treatment C o.d~usted m: covariance varietf 
Variety 3 2 5 6 9 8 7 1 4 
10 2.24* 2.ll* l.82* 1.58* l.37* 1.27* 1.25* 0.57 .45 
.87 .85 .83 .81 .• 78 .74 .70 .6.4 
4 1.79* 1.66* l.:37* l.l3* .92* .82* .SO* •. 12 .as .83 .81 .78 .74 .70 .64 .;3 
1 1.67* 1.54* 1.2S* l.Ol* ~SO* . • 70* .68* 
.s3 .81 .71 .74 .70 .64 .53 
7 .99* .S6* .57 .33 .12 .02 
.81 .78 .74 
s .97* .84* .55 ~31 .10 
.78 .74 .70 
9 .87* .74* .44 .21 
.74 .70 .64 
6 .66 .53 .. 23 
.70 
5 .43 .30 
2 .• 13 
Table 19 
Results of IOYa Onion Yield Trials 
No. of' No. 0£ Length LSD .o5 Mean yield LSD as~Cheek Exp. Treat- Co-
Year Entries Repli-c. of row bu../ acre eheck of check variety design ment variance -
1948 60 ; 10' 128 lS.39 i;.3 BIG Rand .Bl. A Yes 
1949 ll6 8 fl 107 1000 10.7 BYG tt A No 
1949 lS 10 n 89 lll8 s.o EIG ft A No 
1950 6; 4 11' 176 1000 17.6 Bf G If B No 
1950 flJ 4 ff 19.3 <T/4 19.S BtG u B No 
1952 Sl 6 ft 119 Sl.4 14.6 IYG /J+ Lattiee B No 
1952 64 4 tt 130 73.3 17.7 rm 44 11 B Yes 
1952 49 3 tl, 139 778 17.9 IYG 44 n :e Yes 
1953 77 6 t:t 132 833 1S.8 Bf G Rand. Bl. B No 
Results of New York Onion Yield !rials ii 
1948 rP 38 6 s• S5 1/)5 21.0 EYG Rand.Bl. A 
1949 0 26 6 fJ 92 617 14.9 EIG n A Yes 
1949 Eb 6.3 6 Ui 13.3 652 20.4 Em "' A Yes 
1950 E 77 6 "' 158 sis 19.3 EIG ft A Yes 
1950 0 44 6 "' 134 628 21 • .3 EYG It A Yes 
1950 pc 3:0 4 tt 193 1161 16.6 EYG tt A Yes 
1951 E 96. 4 fl 129 714 18.,1 KIG tt A Yes 
1951 0 21 6 n 136 697 19.5 Em 11 A Yes 
1951 p 20 4 tl l.44 795 18.l EYG " A Yes 1951 osd 25 4 ff 70 ~9 16.3 E!G " A Yes 1952 E 58 4 ft 60 72S s.2 EYG fl A Yes 
1952 Os 29 4 It 185 623 29.7 EYG It A Yes 
1952 p .32 4 rt l36 ll64 11.7 EYG " A Yes 
aerange County CPt-attsburg~ N. Y. 
bElba.,, N. Y. doswego County 
Table 20 
Survey of Experimental Teehniques8 
Colo. Idaho Ill. Im. Iowa Mass. Mich. Minn. N. Y .. Oreg. 
Soil upland upland upland peat peat upland peat both peat upland 
Seed 
number planted so 150 150 150 150 150 150 150 100 200 
counted, no thinning so 100 
Seedlings 
stand a:rter thinning 70 so 80 80 90 100 so 90 
Plot 
length $f row (rt.) 10 10 10 10 10 10 10 10 8 10 
width of row (in.) 36 21 16 16 14 15 16 l4 22 
row per plot 2 l 1 l 1 1 1 1 1 l 
replications 3 6 6 6 6 ' 6 6 6 4-6 4-6 
Design R.B. b R.B R.B. R.B. R.B. S.L.e R.B. R.B. R.B. R.B. 
C ovarianee used yes no no yes/no no no no yes yes/no 
Coefficient of 
variability (%) 4•7 10-15 10 .30-40 20 8-12 
8 In£omation on methods used in various states was received from the following in response of a 
ques-tionnair&t Colorado, A. c. Ferguson; Idaho, D. F. Franklin; Illinois, A. M. Rhodes • Indiana, 
J. E. Lareen; Iowa., c. E. Peterson; Massachusetts, o. B. Pearson; Michigan, A. L. lsbit; Minnesota, 




different combinations of size of plot and shape of block. An example 
of one of these analyses is given in Table 21. 
If there actually had been different treatments, the components of 
variance £or this particular canbination of a ize of plot a?l1 shape of 




Reps. x Treatments 235 
Segments within plots 288 
Expected mean squarel!!I 
c:r-2 + 2 0 RT2 + l2 OR.2 
0-2 + 2 0 Rr + 96 ut2 
v 2 + 2 a-'2iiT 
cr2 
Since there were no actual treatments, (}"'f 2 represents no real component 
of variance of treatments.. Consequently the analyses grOllp the sum of 
squares and degrees of freedom for treatments and interaction together. 
These then have an expected mean square ~2 + 2 C5P2 which represents 
the variance arnong plots within r eplicat.ions. 
Table 22 is a summary or the coefficients of variability am of the 
variances among plots within replicatio~. The average coefficients of 
variability (Table 23) and the relative efficiencies (Table 24) of the 
several plot sizes and shapes are compared. The efficiencies recorded 
in Table 24 were computed by dividing the variance among plots within 
replications for the one row by one segment shape of plot by the variance 
of each of the other combinations of plot size and then w.ltiplying by 
100. Table 25 presents the results in the form of the wmber ot repl:1.-
cations estimated to be necessary to detect differences 0f' ten per cent 
of the mean. This method of analysis is described by Currence (12). 
43 
Table 21 
Analysis of Varianee of Plots One Row by Two C'egments (16" x 101 ) 
in Blocks Six Rows by Two Segments (9' x 10*) 
Source Sum ot Squal"es df' Mean square 
Total 618.90 575 
Replications 60.82 47 1.294 
Plots treated a11ke :330.51 240 1.377 
Segments within plots 227.57 288 0.790 
Table 22 
Sunmary of Variances of Onion Uniformity Data 
Randomized Block Design - Six Treatments 
Variance Star¥la1'd 
No. of No. Shape Shape among plots Variance error Mean Ave. 
segments of of rep. of plot within. reps • per per per c.v. c .• v. 
per plot reps. row x seg. row x seg. on seg. basis exp. unit exp. unit exp. unit (%) (%) 
l 96 6xl lxl l.097 l.0'7 1.0474 5.16 20 • .30 
1 96 .3 x 2 lxl 0.9S3 0.983 .9915 19.22 
l 96 2 x 3 lxl l.003 1 .. 003 1.0015 19.41 
1 96 lx6 lxl o .. sss o.ass .91.23 18.26 19.30 
mean .993 
2 48 6x2 lx2 l • .377 2.754 1.6595 10 • .31 16.lO $': 
2 48 3x4 l x 2 1.212 2 .t;?.4 1.5569 lS.10 
2 48 2 x 6 lx2 1.265 2.;30 1.5906 15.43 
2 4S 1x12 lx2 1.074 2.l4S 1.4656 14.22 15.21 
mean 1.232 
2 4S 12 x 1 2 x l l.~7 2.054 1.4332 10 • .31 13.90 
2 48 6x2 2 x 1 0.981 l.962 1.4007 13.59 
2 48 4x3 2xl 0.914 1.828 1 • .3520 13.ll 
2 48 2x6 2xl o.868 l.736 1 • .3176 12.78 13 • .34 
mean .948 
4 24 6x4 lx4 1.946 7.784 2.7900 20.62 13.53 
4 24 3 x s lx4 2.187 S.748 2.9577 14.34 
4 24 2 :x: 12 lx4 2.433 9.732 3.1196 15 •. lJ 
4 24 1 x 24 lx4 1.951 7.804 2.7936 13.55 14·14 
mean 2.129 
Table 22 Continued:. 
Variance Standard 
No. of No. Shape Shape among plots Variance error Mean Ave. 
segmentii of of rep. of plot within reps. per per per c.v. c.v .• 
per plot reps. row x seg. row x seg. on seg. basis exp. unit exp. unit exp. unit (%} (!£} 
4 24 12 x 2 2 x 2 1.294 5.176 2.2751 20.62 11.03 
4 24 6x4 2x2 l.330 5 • .320 2.3065 11.19 
4 24 4 x 6 2x2 1.069 4.276 2.0678 10.0.3 
4 24 2 x 12 2x2 1.100 4.400 2.0976 10.17 10.60 
mean 1.198 
4 24 24 :x: l 4xl 1.la:! 4.408 2.0995 20.62 10.18 
4 24 12 x 2 4xl 1.005 4.020 2.0050 9.72 
4 24 Sx3 4xl 0.879 3.516 1.8751 9.09 
4 24 4 :x: 6 4X1 0.780 3.120 1.7664 8.57 9.39 
mean .91;. ~ Vl 
s 12 6 x a lx8 2.617 20.936 4.5756 41.25 ll.09 
s 12 2 x 24 lx8 2.283 18.264 4.2736 10.36 10.72 
mean 2.450 
8 12 l2 x 4 2x4 1.662 l).296 3.6464 4)..25 S.84 
8 12 6x8 2x4 1.488 11.904 3.4502 8.36 
8 12 4 x 12 2x4 1.282 10.256 3.2025 7.76 
g 12 2 x 24 2x4 1.154 9.232 .3.0)84 7.:J7 8.08 
mean 1 • .396 
8 12 24 x 2 4x2 1.453 11.624 .3.4094 41.25 8.27 
8 12 12 x 4 4x2 1 • .332 10.656 3.2644 7.91 
g 12 Sx6 4x2 1.054 a.432 2.9038 7.04 
s 12 4 x 12 4x2 0.953 7.624 2.7612 6.69 7.48 
mean 1.198 
Table 22 Conti.med: 
Variance Standard 
No. of No. Shape Shape among plots Variance error Mean A-ve. 
segments or of rep. Gf plot with.in. reps. pe.r per per c.v. c.v. 
per plot reps. row x seg. row x seg. ¢n aeg. basis exp. unit exp. unit exp. unit (%) (%) 
s 12 24 x 2 8xl 1.167 9.J.36 3.0555 41.25 7.41 
8 l2 Sx6 Sxl 0.76S 6.1.44 2.4787 6.01 6.7.l. 
mean .968 
16 6 12 x 8 2 :x 8 2 • .323 37.168 6.0966 82.49 7.39 
16 6 4 x 24 2xS 1.112 17.?w. 4.21s1 6.s; 7.12 
mean l.718 
16 6 24 x 4 4x4 1.935 )0.960 ;.;6~ 82.49 6.75 
16 6 l2 x s 4X4 1.6S6 26.496 5.1474 6.24 
16 6 s x 12 4 x 4 1.170 18.720 4.3267 5.25 
~ 16 6 4 x 24 4 x 4 0.821 13.136 3.6244 4.39 5.66 
mean 1 • .396 
16 6 24 x 4 Sx2 1.627 26.032 5.1022 B?.49 6.19 
16 6 8 x 12 Sx2 0.862 13.792 3.7138 4.;o 5-.34 
mean 1.244 
----------------- ·-·--·-------· - --- -- - · - · ---------· _____ .._ ____ . __ 
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Table 23 
Average Coeffic1ente ot Variability for Various Sizes and Shapes of 
Plot Assuming Sb: Treatments in a Randcrnized Block Design 
Segm.ents 
Rows 1 2 4 s 
1 19.30 15.21 14.14 10.72 
2 ]J.34 10.60 s.os 7.12 
4 9.39 '1.1,8 5.66 
s 6.71 5 • .34 
Table 24 
Relative Efficienoie.s for Variwe Sizes and Shapes of Plot 
Assuming Six Treatments in a Randomized Block Design 
Segments 
Rows 1 2 4 s 
1 100.00 80.60 46.64 40.;3 
2 104. 75 82.89 71.13 57.80 
4 105.40 82.S<) 71.]J 
s 102.58 79.82 
Table 25 
Est.imated Number of Replications Required to Detect Di.f:terencee 
ot Ten Per Cent of the Mean When P = .05 
No1 of Segments 
No. of Rows l 2 4 8 
l .30 19 16 9 
2 15 9 5 4 
4 7 5 3 




Variability of stand and yield 
Analyses 'based upon the entire fifteen-foot rows showed that only 
the unthinned treatment (Table 2, treatment A) produced significallt 
diff'eren.cee in stand among varieties. However, the analyses (Table 14) 
based upon only the middle f'iveo-foot segment revealed no significant 
staml differences in any of the treatments. A comparison of the er:ror 
mean squares of the three treatments in the fifteen ... foot rows ehovs that 
the stand of the unthimed treatment was considerably more variable than 
the stands of the other two treatments. The same relationship can be 
ebaerved when considering the middle five-foot segment. Thua, it would 
appear that thinning and spacing resulted 1n more uniform stands than 
SOltling an exact number of seeds. These differen.ees in variability of 
stand are more pronounced when a guard segment is left at the ends of 
each row. Spacing might be expected to be somewhat more variable than 
thinning since good spacing requires good distribution of seed and even 
survival of the seedlings to insure having a plant et each interval ot 
spacing. If there are art:f skips 1n plants longer than this spacing 
interval, that plant 1s lost and there can be no adjustnent for it in 
some other part of the row. Present methods of planting and the fact 
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that the onion crop 1a subject to many hazards in establishing seedlings, 
make it difficult to achieve the even stand required for even spacing. 
If it vere poeeible to establish such an even stand, planting an exact 
number of seeds probably would be as satistactoey as any thinning or 
spacing treatment. Until this beeotnea possible, thinning appears to pro-
duce less variable stands than spaoing since it bas enough flexibility-
to minimize these vagaries or seed distribution and seedling survival. 
This ad.vantage is con1d.derably reduced 'When guard segments are lett at 
the ends of the row. From the. standpoint ot time and labor, counting 
an exaet number ot seeds is preferable to spacing the plants, and both 
are less tedious a!X1. time coneuming than thinning to a prescribed number 
or plants. 
Yield, being a more complex character than stand, displqs some 
modifications not evident with stand. An analysis of variance or yield 
of the entire experiment (Table 5) showed highly eignif'ieant differencee 
of yield among varieties and methods. The three ineh epaeing 1n treat-
ment C with one-third fewer plants reduced the mean yield considerably, 
indicating what is knCllW'n from practice, that a three ineh spacing is con-
siderably beyond the optimUm for onions. Thus., results of a spaced trial 
would not be nearly as eanpuable to field conditions as would a thinning 
proeedure in which plants a.re thinned to the density expected 1n commer-
cial fields. One interesting feature was that \Ii thin the range of stand 
differences included 1n this experiment, the interaction Qf treatment and 
varietie21 was non-eignif'icant. This would indicate that within this 
range, the varieties all responded similar~ when stand or spacing varied. 
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Ir this is true on a broader scope, comparisons of yield trials which 
are thinned with t hose not thinned are valid, other considerations being 
Compal"able .• 
The original analyses ot the yields or the separate treatments 
showel significant differ.ences of yield among varieties within each treat-
ment. A comparison of the yield error mean squares of the entire fitteen-
foot row and of each of the segments indicates that the thinning treatments 
produced less variable yields than the u.nthinned treatment. In view of 
Beattie and Boswell' s (3) work which 1.Dlioated that stand variations are 
chiefly responsible for yield variations, this was not surprising, sinoe 
the unth1nned treatment had the most variable stands . When the yields of 
each segment or each treatment were analyzed aeparat-e)Jr (Tables 6, 9., and 
10) ; all of the segments except the last segment of the thinned treatment 
(B) had highly significant F valuee for varieties . The F value of this 
segment was appreciably below: the five per cent level. In reviewing the 
handling o:f' the experiment, there is no explanation of vey thi.s one seg-
ment of this particular treatment should have behaved differently from 
the others . Thie failure to detect differences among the varieties may 
be due to chance small dif'f'e.rences in the yields and to a type II error 
in experimentation,. that is, the failure of the analysis to detect diffe:rw 
ences when they in fact exist. 
In all analyses , the middle segment va.s less variable than either of 
the end segments . Bartlett• s test gave evidence of non-homogeneity of 
variance among segments in only the thimed treatment (B). The same 
test applied to the other two treatments also gave an indication that the 
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variances among segments were not homogeneous although the probability 
was not significant at the 5 per cent level. 
The validity of this observation is increased by an understanding 
of the cultural techniques involved. While the V- belt planter is one of 
the best tools available, it still hae several shortcomings . Even though 
eare is taken to get an even and restricted distribution of seed on the 
belt, several things can occur to affect the distribution of the seed 1n 
the row. A few seed may fall off the belt and form a clump of plants t 
the beginning of the rov, or there may be sG'llle delay in starting to sow, 
1n which case the row is extended or the plants are crowed at the end 
of the row. Wind and uneven handling can redistribute the seed on the 
belt, generally extending the rov, or causing clumps of plants . In an:y 
ease, it is quite diffieult to sow all the seed 1n an exact ten-foot row. 
Furthermore, the ein plants generally remain upright longer and produce 
larger bulbs 'because of the lack of competition. 
All this lends support to having guatd segments at the ends of the 
rows. Though it .is not now in practice in onion yield experiments, these 
data tend to show the value of planting a longer row, for example 14 feet, 
marking a ten foot center segment at thinning time, and at harvest taking 
recor.ds on only this ten foot segment. This would not necessarily increase 
proportionally the overall e}..~rimental area required, s inee it v.auld be 
quite possible to reduce the size of the alleys between tiers without 
danger of confusing the identiq ·Of the harvested segment. 
Effect or covariance 
All of the ana17ses of covariance based upon the entire ritteen-
foot roW. and upon individual five-foot seglllents showed dift'erenees 
among varieties tor adjusted yields (Tables 6 and 15) to be significant 
at the l per cent level. Even the end segment of treatment B which had 
failed to show significant differences of yield among varieties by 
analysis of variance, did show highly significant differences by analysis 
of covariance. This was true in spite of the· .t'aet that the differences 
of stan:i among varieties was non-significant (Table 12) . 
In all cases, covariance increased the efficiency of the experiment 
by amounts varying from 123 per cent to 26& per cent. The increase of 
ef:fieieney was not consistent among treatments when canpar1ng the 
£ifteen-toot raw with the five-foot middle segment . The spaeed plots 
showed the greatest gain of efficiency 1n both lengths of rew. The 
unthbmed plots had a greater gain or efficiency with covariance analysis 
than did the thinned treatment when eMsidering the five-foot middle 
segment . !he reverse was true with the entire fifteen-foot row, the 
thilmed treatment (B) showing a greater gain of efficiency with co-
variance analysis than the unth1nned treatment (A}. In all eases , it 
was possible b7 use of covariance to reduce the difference required for 
significance to less than 10 per cent of the mean. 
Ran.kil'lg of .varieties and tests of s;tgnif'ioanee 
A study of Tables 1.3 and 16 will reveal JnattV interesting c<lnparisons 
of treatments, anaqses, and entire rows and guarded segments. 
With adjusted yields, the middle segment was essentially as con-
sistent in ranking the varieties as was the entire row. With unadjusted 
yields, the entire row was considerably more consistent than vae the 
middle segment. It was possible to detect somewhat finer differences 
among varieties 'With the tirteen-foot row than with the five-foot middle 
s·egment. The relative affect .of adjustment Upon the middle segment am 
the entire row was aboat the same with respect to ranking the varieties. 
As might be expected, adjustment or yield by use of covariance tended 
to have the greatest effect on the rank of t:he varieties in the 
unthinned treatment (A) • Since the differences in stand among varieties 
of this treatment in the fifteeJ:loo.foot rows were sjgnificant at the l per 
cent level, there is a question raised as to the validity of usi.qg 
covariance to adjust the yields. If the differences in stand are pr°"" 
duced by inherent differences in the varieties, the adjustment removes 
part of the variety .effect. On the other hand, one might assume that 
the major portion of these stand differences is due to differential 
handling of the seed from harvest to sowing. In this experiment, the 
seeri was produced in four di:f'ferent sources, each of which differed in 
the conditions under which the seed matured, vas harvested, dried, 
threshed, and stored. Also it might be argued that it is as justifiable 
to control stand by covariance as it is by thinning or spacing,. These 
latter tvo arguments are bolstered by the fact that adjustment of yields 
of these unthinned plc>ts by covariance brought these varieties into 
about the same rank as that of the thinned and spaced treatments in both 
lengths of row. The adjusted yields of the same varieties were sign! ... 
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f'ieant at about the same level of probability in the fifteen-foot rows. 
So, in this experiment, using the entire fifteen-foot row, covariance 
made all three treatments rrugbly equivalent when the yields were com-
pared 'With the check variety. However, in using only the middle segment, 
fewer of the adjusted yields of the unthinned treatment were significant 
than in the thinned and spaced treatments. The sequential range test 
revealed that the spacing technique produced more significant differences 
among the possible cooibinations of comparisons in both the five-foot 
middle segment and in the entire fifteen-foot row than did either of the 
other two treatments. In both lengths of row, thinning was intermediate 
to the other treatments in detecting differences among the varieties. 
On the basis of this aicperiment, it would appear that sowing an exact 
number of seeds :in a given length o:f row with sufficient replication, 
and adjusting the yields to a common stand by covariance is equally as 
satisfactory as thinning or spacing and analyzing the results by analysis 
of variance. Sowing an approximate number of seede in an extended row, 
thinning to an exact rumber of plants or to a given spacing, leaving 
guard segments at the ends o:t the plots and adjusting the 7ields by co-
variance appears to be the most informative technique. 
For more infomation on the differences among the treatments, with 
and without adjustment for stand differences, this experiment should be 
repeated with certain modifications. More information might be gained 
by using more varieties with a greater r ange in both yield and stand . 
In this experiment the range or stand differences is not as great as 
that occurring in regular yield trials. 
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On the basis of this experiment it would seem that the value or 
need for guard segments at the ends of onion plots 1s a probletn wortey 
of fU.rther investigation. 
Uniformity Trial 
§ize and shape of plot 
The results of this uniformity trial differ from what the literature 
would lead one to expect. The variability of the plots increased as the 
ratio or the length of the row to its v:idth increased. The longer, 
narrower replications wre less variable than were the squal"e. ones. This 
situation would be elarttied if there were a pronounced fertility gradi-
ent oriented at a 90 degree angle to the length of the roue. A fertility 
contour map of the trial gave no indieation ot such a gradient . Or it 
migl:re be explained in pai"t by an investigation of' the sources of variame 
involved. Since the fertility of the plot was quite homogeneous , with 
no observable gradients, the cultural practices whieh operated primarily 
in the direction of the rows may have pl~ed a dominant role. Thus, any 
variation due to planting, fert;Uizing, weeding, or spraying would be 
greater from row to row than along a row. In viev of this, the long 
replication taking :tn fewer and longer rows would contain less vari-
ability. Likewise, the plot shape taking 1n the more rows of a given 
replication would give a better sample of the variation within that 
replication. 
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Lana §1 &l• (22) anal.yzed two onion urdformity trials conducted at 
two locations on peat soils in Iowa in 1946. Bis trial at Fertile gave 
results comparable to those of this trial. At Clear Lake a consistent 
increase in ef'ticiency was observed as the ratio of the length to the 
width of the plots increased. These contra.sting results would suggest 
oaution 1n making recommendations baaed on these trials. 
!timber of raplieatioll! 
The estimate ot the numb~r of replications require! to detect differ-
ences of ten per cent of the mean is in tairly close accord with the 
results of the Iowa yi.eld trials over a period ot Y'ears . However, this 
ca parison ie made only' on the basis of a plot one row by two segments 
long. The 1952 and 1953 onion trials :in Iowa vith six replications of 
plots one row by ten feet long ( c~rable with two segments in the uni-
fomit7 trial) detected differences of 14 per eent of the mean. An 
estimate of the number of replications required for this precision and 
this row length based on the results of the uniformity trial was arrived 
at by supplying a different constant :in the equation given by Currence 
(12) . This was derived: 
c = 11$fa'1"2 
The estimate was n!ne replications . In the methods trial with ten repli ... 
cations of plots three five-foot segments by one row it was possible to 
detect difterencee of approximate~ ten per cent at the 5 per cent level 
of probability.. Here again the estimate from the uniformity trial 
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differed in the direction of conservatism. This may be due in parl to 
the more uniform stands seeured in the methods trial and yield trials. 
For onion yield trials in Colorado (Table 20), A. C. Ferguson (14) 
used three replications ef plots tvo rows wide by two segments long. 
He found that these gave as efficient a test as six replications or 
plots one row wide and ten feet long. This same situation is evident 
fran the data of the unifomity trial which indicates that one-half as 
maey replications are required for plots two rows by two segttlents as for 
plots one row by two segments. 
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SUMMARY AND CONCLUSIONS 
A methods trial and a uniformity trial were studied to obtain 
information which vould be us ef'ul in designing onion yield trials and 
1n determining a eatisfaeto17 method of controlling stand differences. 
Nine onion bybr:ids and one open pollinated variety vere used in the 
field methods experiment. Three treatments for oontrelling stands were 
applied to these ten varieties planted in a randomized complete block 
design using single-row plots fifteen feet long. '1.'he methods or con-
trolling stand were (A) planting 150 seeds per plot vith no subsequent 
thinning, (B) planting approximately 225 seeds estimated ·by- volume and 
thinning to 90 plants, and (C) planting a similar excess :munber of seede 
and thinning to a uniform spacing of three inches between plants. In 
order to estimate variability among segments vithin the fifteen toot r011, 
the rows were harvested in three five-toot segments . 
Planting an exact number ot seeds was as ef'fic ient and consistent 
in ranking the varieties when the yields were adjusted for stard ditter-
ences by covariance as were the thinning and spacing methods when no such 
adjustments were made. However, thinned treatments with yields adjustW. 
for stand differences were more efficient than the unthimled treatment 
similarly adjusted. Within the range or spacing encountered. in this 
trial, the ten varieties responded similarly within each treatment. In 
all treatment.s, the middle five-foot segment was less variable than either 
of the end segmen~. 
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On the basis of this experiment, the most informative technique 
would be to (l) plant an approximate excess number of seeds in an ex-
tended rov, (2) thin to an exact uniform number of plants or to a given 
spacing, (.3) leave guard segments at the ends of the plots, arrl (4) 
adjust the yields to a common stand by eova.riano&. 
For the un1fotmity trial, an area 24 rows wide and 120 feet long in 
a commercial planting of Melzer Yellow Globe was harvested in five-foot 
segments and the onions from each segment vere weighed and counted • 
These data were analyzed as a randomized complete block with six assumed 
treatments . Forty-two combinations of size of plot and shape of block 
were an~zed. 
Contrary to much &vidence in the related literature, the efficiency 
of the plots of this uniformity trial inereased as the ratio of the 
length of the plot to its width decreased. , The efficiency of the blocks 
increased as the ratio of their length to their width increased . The 
most efficient plot size studied was four rows wide by five feet long . 
'the number or replications required to detect differences of a given 
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